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This study analyzed the physical fitness performance of 141 youngsters with spinal neuromuscular conditions, by age, sex, and severity of condition, and compared the performance of these subjects with 1,192 normal youngsters on selected physical fitness test items. and girls, ages 10-17, with paraplegic spinal neuromuscular conditions were tested on 11 physical fitness test items which were modified, as necessary, for their participation. Where comparisons were appropriate, the scores of normal subjects of the same sex and age generally exceeded significantly those of the paraplegic subjects. There was a trend for paraplegic subjects to possess larger skinfolds than normal youngsters, and, where differences existed in skinfolds, the skinfolds of older paraplegic subjects exceeded those of younger paraplegic subjects. Few significant sex and age differences emerged for the paraplegic group on nonskinfold (performance) items. The test battery administered did not discriminate among the performance of subjects with various levels of spinal lesions at or below the sixth thoracic vertebra.
"H"V~'P;H some research has been conducted relative to physical trainino and their effectiveness relative to certain types of individuals with ort:nopelGlC impairments 1970; Berg, 1971; & Bjure, 1970; Brown, 1975; 1957; Meditch, 1961; Robson, 1972; and Royer, 1979) , little information is available in regard to the quantitative physical fitness abilities of youngsters with orthopedic impairments. Also, there is little mention of tests to measure the physical fitness abilities of persons with such impairments. The fact that little research has been conducted on the topic is not entirely by accident or
The diverse etiology of orthe limitations on youngsters by themselves and the wide variation in their functional levels and abilities; the complexity involved in conducting such research; concern about the value of quanltitalUv r e and orientation treatment and development have all contributed to the lack of research. These reasons are obstacles which must be overcome not on Iv for conducting research but for designing, implementing, and evaluating programs designed to meet the unique individual needs of this group of youngsters. This study was conducted to provide a better understanding of the physical fitness of youngsters with paraplegic spinal neuromuscular (PSN) conditions. Specifically, it was designed to study the influence of sex, age, and severity of condition on the physical fitness performance of PSN youngsters and, where appropriate, to compare performance with normal youngsters of the same sex and age.
Procedures Subjects
To attain the objectives of the study, 11 measures of physical fitness were administered to 141 individuals with PSN conditions and 7 measures of physical fitness were administered to 1,192 normal subjects. All subjects were ages 10-17. The subjects for this study were selected from two major categories: normal (Boys: Ages [n = 24] ). Spinal neuromuscular conditions were defined as acquired or congenital conditions characterized by spinal lesion which directly affected limb functioning. However, subjects with progressive muscular conditions associated with spinal lesions were not included in the study. Thus, the study included individuals with postpolio, spina bifida, and traumatic spinal cord injury. In accord with the National Wheelchair Athletic Association sport classification system, spinal neuromuscular condhions were more specifically subclassified according to the site of spinal cord lesion as follows: (a) all cervical lesions, (b) lesions from Tl (first thoracic vertebra) to T5, (c) lesions from T6 to TlO, (d) lesions from Tll to L2 (second lumbar vertebra), and (e) lesions at or below L3. However, only paraplegic subjects with lesions occurring at or below Tl were included in the present project because of insufficient subject numbers in the first subclassification.
All subjects were free of multiple handicapping conditions. Subjects with impairments were selected from both institutionalized (n = 51) and noninstitutionalized (n = 90) settings as earlier defined by Winnick and Short (1982) . A normal or nonimpaired subject was one who was not identified as handicapped by the school district, free from impairments or disabilities which may have influenced test results, and who attended regular classes in noninstitutionalized regular schools. The sample of normal subjects was randomly selected, to the extent possible, from those schools which agreed to participate in the study. In most cases, intact physical education classes were randomly selected from the physical education schedule. The sampie of normal subjects has been described in more detail by Winnick and Short (1982) . The number of subjects completing each test item is presented in Table 1 .
Collection of Data
Data were collected throughout the United States in several schools, agencies, or institutions by competency-trained testers. In collecting data from various parts of the United States, it was necessary to develop a testing network consisting of a central aExcept in the long distance run, younger includes ages 10-13 and older includes ages 14-17. In the long distance run, younger includes ages 10-12 and older includes ages 13-17.
staff, regional coordinators, and field testers. The central staff selected and trained regional coordinators and field testers, who, in turn, selected and trained other field testers relative to the protocols of the study. All coordinators and field testers were required to successfully complete a training program designed to provide skills and knowledge necessary for data collection. Testers were also provided with a manual containing detailed procedures for test administration and data recording. In addition to providing training, coordinators located testers in their region, recommended participating school districts and subjects for the study, coordinated testing schedules, and dispensed equipment, as necessary. Field testers, consisting mostly of teachers of the subjects tested, identified subjects, attained permission to test subjects, administered tests, recorded data, and transferred data to the project's central staff. The central staff at Brockport checked data according to specific procedures, prepared data for computer analysis, and analyzed, synthesized, and interpreted the data.
Measurement of Physical Fitn~ss
For the purposes of the study, physical fitness was defined as consisting of four specific abilities or components which, although related, are discrete enough to warrant separate measurement. Physical fitness was also conceived as involving both health-related and physical performance-related components necessary for developing optimal health and enhancing performance in daily activities, occupational activities, and sport performance. In accord with the AAHPERD Health Related Fitness Test which was to measure healthrelated physical fitness and the AAHPER Youth Fitness Test which includes measures of physical this assumed that the basic components health and performance-related physical fitness include muscular cardiorespiratory endurance, body composition, and Several items from these tests were selected for the present study, however, a measure of flexibility was not included because the sit and reach test (the measure of flexibility adopted for use in was inapfor the PSN subjects. Test items associated with the other three components were: (a) skinfold, subscapular and abdominal skinfold, (b) muscular strength/endurance: left grip, arm hang, pull-ups, shuttle run, 50-yard dash, softball throw for distance, (c) cardiorespiratory endurance: long distance run 10-12: 1 mile or 9-minute run; ages 13-17: 1. 5 mile or 12-minute
Since the objective of this study was to the physical fitness peI"torman(~e of with PSN conditions, the of these on all 11 test items was and will be Comparison of their performance with normal subjects was completed in cases in which both groups followed similar orocedures (7 items). The scores of normal on the shuttle run, (45-m) dash, softball throw for distance, and long distance run were not compared with the PSN group, and thus, no further discussion of the performance of normal subjects on these items will be presented.
The long distance run, triceps skinfold, and subscapular were administered with few exceptions, to procedures outlined in the Health Related Fitness Test 1980). However, in this PSN youngsters were to perform the long distance run in a standard (as opposed to a racing) hand-driven wheelchair. Youngsters, ages 10-12, were instructed to wheel 9 minutes or 1 mile and youngsters, ages 13-17, were instructed to wheel 12 minutes or 1.5 miles If completed the distance before the corresponding time was reached, were instructed to stop. If failed to complete the distance in 9 or 12 Huuutes, as they were instructed to stop. From this information, yards/ minute was used as the criterion score. In this all skinfolds were measured skinfold and the criterion score was the mean of three trials recorded correct to the nearest millimeter.
The shuttle run, and the dash were administered outlined in the AAHPER Youth Fitness Test However, because with PSN conditions were sp(~cijjc::llly included in the present and because a preference for the pull-ups or flexed arm had not been determined in research with this both items were administered to and criterion score in the flexed arm test and one trial was provided test. For PSN bars were lowered so that wheelchair participants themselves out of their subjects were lifted to the bar when po~;sH'le. In the shuttle run, the mean of two trials rather than the better score in two trials served as the criterion score. PSN subjects the shuttle run in standard wheelchairs for use. Subjects wheeled to two wooden blocks which were set up on an inverted wastebasket in from 15 to 25 inches to 63 cmn. Subiects nicked up one olaced it on their lao. and wheeled line. block was then dropped to the floor behind the "" h]ects returned to the second it up off the basket, it and wheeled as as past the start/finish line. The PSN ~UUJt;\"'l;) the dash in their wheelchairs. an three runmoved the wheelchair forward with his feet, all other ;)UUJt;\,.,l;) propelled the wheelchair with their arms.) The abdominal skinfold was a vertical fold taken at a site two inches to the of the person's midline in line with the umbilicus, and to the axis " The mean of three trials, recorded to the nearest millimeter, served as the criterion score. In the tests, both normal and PSN subjects
MHlOA'7<>r'I a adjustable hand grip dynamometer to the maximum extent while seated. Three trials, alternating right and left were administered to each subject. AU scores were recorded to the nearest kilogram and the criterion score was the mean score of three trials for each hand. In the softball throw for distance test the PSN were instructed to throw a softball overhand, at an of approximately 40°, as far as possible from a seated tion.
were instructed to lock the brakes of their wheelchair prior to throwThe average of three throws (following warm-up and two correct to the nearest served as the criterion score. Distance was measured from a th .. ",,,'nn-line to the point at which ball landed on the Data were analyzed both multivariate and univariate of variance techMultivariate analyses were performed the data from who took all the items in the test battery. In cases where the multivariate was signifIcant, post hoc univariate analyses were calculated the data from all subjects who took the particular item. This was felt to be an analysis of the data since many PSN subjects were not able to take all the items in the for various reasons related to unavailability of appf()J)l"lat.e surfaces, bars at inconvenient heights). In fact, less than half of the took all the items in the batterv. It was felt that by including all the available data in the univariate ",..."hwc>C'
would become more representative of the and, of the results. cant interactions obtained for the univariate with 990/0 confidence univariate analvses.
of Normal and PSN
The mean values for normal and PSN subjects on the physical fitness items are presented sex and age group in Table 2 . Arnl'·pp .. u,"'I\l '"U"<'t",,,ta sex, age, and condition factors among normal and PSN items where similar \".,.AH)l"'A'''''', and low number of PSN in the the age variable was reduced to two groups for data aExcept in the long distance run, younger includes ages 10-13 and older includes ages 14-17. In the long distance run, younger includes ages 10-12 and older includes ages 13-17. Standard deviations are pr!,3sented within the parenthesis.
17 years of age. Since educational environment was found not to be a significant factor on physical fitness test performance, the PSN group included pooled data from both institutionalized and noninstitutionalized subgroups. The results of the multivariate ANOV A indicated that all three, two-way interactions were significant in this analysis [n := 990; Sex X Age: F(7,976) := 47.49; Condition X Sex:F(7,976):= 4.79; Condition X F(7,976):= 2.62]. Since the multivariate ANOVA indicated the presence of an "interaction model," a univariate analysis was performed. The results of the three-way univariate ANOVA are presented in Table 3 and are discussed below for each item.
Triceps Skinjold. A significant sex by age condition effect emerged on the triceps skinfold (Figures lA and IB) . Sex was a significant factor for older (14-17) normal subjects; girls had larger skinfolds than boys. Sex was not a significant factor for younger (10-13) normal subjects or for PSN either age group. Age was not significant for normal subjects or for PSN but older PSN girls had significantly larger skinfolds than younger PSN girls. Older PSN girls had significantly larger skinfolds than older normal girls, but no other condition effects were significant.
Abdominal Skinjolds. Only the main effects of age and condition were significant on the abdominal skinfolds. Older subjects had significantly larger skinfolds than younger subjects and the subjects with PSN conditions had significantly larger skinfolds than normal subjects.
Subscapular Skinjolds. A significant sex by age by condition effect was obtained for the subscapular skinfold measure (Figures IC and ID) . Neither age nor sex was a significant factor for either group of subjects. Younger PSN boys had significantly larger skinfolds than younger normal boys and older PSN girls had significantly larger skinfolds than older normal girls.
Right Grip Strength. The three-way sex by age by condition interaction was significant for the right hand grip strength (Figures IE and Sex was a significant factor for older normal (boys had higher scores than girls), but no other sex differences were observed (differences between PSN boys and girls were significant at the p < .05 level, but not at the p < .01 level). Regardless of sex or condition, older subjects made significantly higher scores than younger subjects on the right hand grip strength. Nonna! girls had significantly higher scores than PSN girls in both age groups. Older normal boys significantly surpassed the performance of older PSN boys; however, there was no significant difference between younger normal and PSN boys. Flexed Arm Hang. Sex was found to be a significant factor for normal subjects (boys exceeded the performance of girls), but no significant sex difference was found for PSN subjects on the flexed arm hang (Figure 2A ). Regardless of sex or condition, age was not a significant variable on this item. Normal subjects performed significantly longer flexed arm hangs than PSN subjects (Figure 2A) .
Pull-ups. Sex was a significant factor for normal subjects on the pull-ups ( Figure 2B ). Normal boys performed more pull-ups than normal girls. This difference was operative for both younger and older subjects (Figure 3) . No significant sex difference was observed for PSN subjects. Boys, regardless of condition, im-
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Figure 3 -Significant sex by age interaction (means plotted with 99% confidence intervals) for normal and paraplegic spinal neuromuscular subjects.
proved significantly with age, but the age difference was nonsignificant for girls. Normal boys performed a significantly greater number of than PSN boys, but the difference between normal girls and PSN was not significant ( Figure  2B ).
Sex and Within the PSN Group
Univariate F values for PSN sex and age comparisons are presented in Table 4 for four test items (shuttle run, 50-yard dash, softball distance, and long distance run).
Comparisons on these items were not made with normal subjects since procedures were vastly modified for some PSN subjects. The multivariate analysis of these data yielded a significant main effect for sex [n ::::: 98; ::::: 7.64]. The data in Table  4 indicate that sex was a significant factor (favoring boys) for PSN subjects on the softball throw. No other significant sex or age differences were found on these four items. Since it is logical to hypothesize that performance scores of youngsters are effected severity of condition, the effect of severity of condition on the performance of PSN subjects whose level of spinal cord involvement was known was examined. Severity of condition was defined by the site of cord lesion and included lesions between T6 and TlO inclusive (n ::::: 19), lesions between TIl and L2 inclusive (n :::: 29), and lesions at L3 or below (n :::: (An insufficient number of subjects in the TI-T5 group obviated the inclusion of this group in the analysis.)
A one-way multivariate analysis was performed. The variables were the 11 test items deemed for PSN subjects, and the variable was the site of cord lesion. The MANDV A indicated that the site of lesion was not a significant factor on [n ::::: 65; ::::: .82]. The test items, therefore, did not discriminate among PSN subjects with lesions occurring at T6 or below.
With the of skinfold measures, the scores of normal subjects were generally significantly to those of PSN on the seven test items on which they were compared. No significant differences, however, were found between younger (10-13) normal and PSN boys on the grip measures, or between older normal and PSN on left hand grip In addition, no significant differences were found between normal and PSN subjects (both age groups) on pull-ups. It is possible that PSN compared relatively well with normal subon these items because of the involvement of their hands and arms in wheelchair propulsion. Although not all were significant, there was a trend for PSN subjects to have larger skinfold measures than normal subjects. Winnick and Short (1982) noted that the performance differences between normal subjects and PSN subjects were greater than the performance differences between normal subjects and subjects with either visual or auditory impairments.
Although there was a tendency for the mean scores of PSN boys to be superior to those of PSN girls, only one sex difference exceeded on the softball throw) emerged on items within the PSN group. Since the scores of boys have been generally found to exceed those of girls on measures of nh",,,,"::11 fitness (flexibility items this finding is not in agreement with other studies. The lack of a significant difference between and girls in this study may be due to a inactive lifestyle of both sex groups resulting in low fitness. The fact that PSN significantly exceeded PSN on the softball throw may be due to sex-role stereotyping of the Few significant age differences for the PSN group. Age was significant for PSN subjects on right hand strength (older subjects scored higher), for PSN girls on left hand grip strength (older subjects scored higher), and for PSN boys on pull-ups (older boys scored higher). Relative to skinfold measures, older PSN girls significantly exceeded younger PSN on and abdominal skinfold measures. Older PSN exceeded the abdominal skinfold of younger Where significant differences occurred, they were in directions exIt is expected that youngsters will increase strength with age due to increased muscle mass.
increases in skinfold are expected in view of gains in However, readers must be cautioned that increases in skinfold do not " ""'''' " '''''''' hr result in increases in percent of fat. The fact that significant age differences did not occur to a great extent within the PSN group may be a finding of Normal tend to their performance throughde'velopme:nt,ll years, whereas normal tend to improve in measures of F"'U'~~' fitness until the ages of 12 to 14,' at which time their performance frequently stabilizes and sometimes declines (Winnick, 1979) . The relative lack of significant improvement in physical fitness measures PSN subjects with age, may be due to a more as age increases. The results of this studv indicate that site of lesion occurring at T6 or below did not discriminate on the test items. the test items ad-ministered could be equivalently accommodated by paraplegic subjects since they were characterized by upper body involvement. The relative inferiority of PSN subjects on physical fitness measures and their lack of improvement with age supports the contention that more attention and emphasis must be given to the physical fitness development of individuals with PSN conditions. In essence, more physical activity must be included in their general lifestyle. Physical educators and other professionals who have responsibility for enhancing physical fitness must recognize and accept this responsibility and provide opportunity for physical fitness development. Since PSN subjects generally fall below normal levels and often display wide variation in performance, it may be necessary to begin programs at very basic levels. Furthermore, the wide variations exhibited necessitate individualized programming. Finally, professionals responsible for implementing programs must be motivated and properly educated (including preparation for working with youngsters with PSN conditions) to provide quality individualized programs.
